Objective: To characterize exercise behaviors among adolescents with anorexia nervosa (AN), atypical AN, or bulimia nervosa (BN), and determine associations between exercise and medical risk. 
in the diagnosis of AN whereas subtype classification is based on dietary behavior including restricting or binge eating (Gummer et al., 2015) .
There is a wide range in the reported prevalence of exercise among adolescents with EDs, from 16.7 to 85.3%, according to a recent systematic review (Fietz, Touyz, & Hay, 2014) . Controversy in the literature regarding how to define clinically significant exercise in EDs and what standard terminology to use (e.g., "excess exercise," "compulsive exercise," or "obligatory exercise") may further contribute to the barriers for researching this topic (Gummer et al., 2015; Noetel et al., 2017) .
Certain sports and exercise activities have been shown to be associated with an increased risk for EDs. For instance, aesthetic sports such as gymnastics and figure skating are associated with an increased risk for EDs given the importance of appearance and body image in these sports (Joy, Kussman, & Nattiv, 2016; Thiemann et al., 2015) . In addition, sports involving weight classes and routine weight checks such as wrestling and rowing also have been associated with the development of an ED (Joy et al., 2016) . Although these certain sports have been identified as high risk for the development of EDs, the rates of participation in other types of exercise and sports in adolescents with EDs are not well characterized. Previous literature has also described the female athlete triad, which refers to the interrelationship among energy availability, menstrual function, and bone mineral density (International Olympic Committee Medical Commission Work Group Women in Sport, 2005; Joy et al., 2014; Mountjoy et al., 2014; Nattiv et al., 2007) , and highlights a large overlap of sports and EDs in female athletes. However, less research on EDs has focused on males (Mitchison, Hay, SlewaYounan, & Mond, 2014; Murray, Griffiths, & Mond, 2016) , where exercise may be more centrally implicated in illness presentations of AN (Murray, Griffiths, Rieger, & Touyz, 2014; Nurkkala et al., 2016) and sex differences in the frequency, duration, and types of exercise remain largely unknown.
High levels of exercise and physical activity among patients with EDs are associated with several adverse outcomes. When present prior to admission and after discharge, exercise has been shown to be associated with poorer treatment outcomes (Dalle Grave, Calugi, & Marchesini, 2008 ) and a longer course of treatment (Solenberger, 2001 ). In the setting of AN, high levels of exercise are associated with a longer duration of illness (Kostrzewa et al., 2013) , a higher rate of dropouts (El Ghoch et al., 2013) , and a greater risk of relapse (Strober, Freeman, & Morrell, 1997) . Although exercise is associated with bradycardia among athletes (Guasch & Mont, 2017) , to our knowledge, previous studies have not investigated the effect of exercise on bradycardia and vital sign abnormalities in the setting of AN or BN. Determining the association between exercise and medical risk is particularly important given the lack of standardized guidelines for the management of exercise in adolescents with AN or BN (Noetel et al., 2017) . In addition, the relationship between exercise and the corrected QT interval (QTc) is not well characterized, particularly among adolescents with AN or BN. The QTc is the measure of the time between the start of the Q wave and the end of the T wave on the patient's electrocardiogram, corrected for heart rate, which represents the electrical depolarization and repolarization of the ventricles of the heart (Postema & Wilde, 2014) .
A lengthened QTc interval may be associated with increased risk for a ventricular arrhythmia and sudden death (Padfield et al., 2016; Postema & Wilde, 2014) . Previous studies in non-ED populations demonstrated lengthening (Meher, Bhattacharjee, Rampal, Kapoor, & Sharma, 2014) , shortening (Chinushi et al., 2012; Srinath & Ravipati, 2011) , or mixed results (Berger et al., 2011) of the QTc postexercise.
Therefore, the objectives of this study were (a) to characterize the frequency, duration, and types of exercise in adolescents with AN or BN; (b) to identify sex differences in exercise behaviors and hours per week of exercise; and (c) to determine the association between exercise behaviors and vital sign abnormalities (such as bradycardia) at presentation. We hypothesized that males would engage in more hours per week of exercise than females and that more hours per week of exercise would be associated with bradycardia among adolescents with EDs such as AN or BN. 
| Study design
Assessments were completed by clinical staff in the Stanford Eating Disorders Program for the purposes of medical care. Demographic characteristics (sex, age), anthropometric measurements (height, weight), and clinical characteristics (duration of illness, vital signs, QTc interval) of eligible subjects were recorded from the medical record for this retrospective cross-sectional study.
The exercise questions regarding type of exercise, exercise frequency (hours per week and days per week), and team involvement in the past 30 days came from a standardized semistructured clinical interview assessment that clinicians ask to all new patients at intake to the Stanford Eating Disorders Program. This information was extracted from the medical record as has been done in previous chart reviews on exercise in EDs (Solenberger, 2001) , using a codebook and dual entry by two trained independent chart assessors from the research team.
Behaviors were reported by both the adolescents and their caregivers.
Several studies have validated the use of self-reported exercise obtained via interview in adolescents, including self-report of exercise frequency and up to three month recall, with 52-63% validity with
heart rate monitoring and 72% validity with observation (Cale, 1994; Sallis, Buono, Roby, Micale, & Nelson, 1993; Sallis et al., 1996; Weston, Petosa, & Pate, 1997) . If subjects reported multiple exercise types, the type and frequency of each was recorded. A subject who reported involvement with a team for any of their reported exercise types was considered to participate in team exercise.
DSM-IV diagnostic criteria were assessed by a psychologist or psychiatrist using a standardized clinical diagnostic interview which included information on behaviors such as binge frequency and compensatory behavior frequency, and this information was recorded in the medical record. Subjects were reassigned to DSM-5 criteria based on key changes from DSM-IV to DSM-5 criteria (such as no longer requiring <85% of expected body weight for AN, and changes in frequency of binge/purge behaviors in BN). One investigator reassigned DSM-5 criteria based on a standardized protocol agreed upon by the research team, and a second investigator checked these changes.
The duration of illness documented in the medical record was based on self-report of time of onset of symptoms. Rate of weight loss was calculated as the total weight loss (kg) divided by the duration of illness (months). Body mass index (BMI, kg/m 2 ) was calculated and median BMI defined as the 50th percentile BMI for age and sex using the Centers for Disease Control and Prevention growth curves (Centers for Disease Control, CDC, 2000) . Percentage median BMI (%mBMI) was defined as the patient's BMI at presentation divided by the median BMI multiplied by 100 (Golden et al., 2015) . Medical risk was based on the recommended admission criteria for the medical management of EDs from the Society for Adolescent Health and Medicine (Golden et al., 2015) . Bradycardia was defined as heart rate <50 (Golden et al., 2015) .
The study was approved by the Stanford University Human Subjects Research and Institutional Review Board Committee.
| Statistical analysis
Statistical analyses were conducted with STATA 15.0. Unadjusted differences between males and females in demographic characteristics, exercise characteristics, and health measures were calculated using independent samples t tests for continuous variables and Pearson's v 2 tests for categorical variables. Cohen's d was used to calculate effect sizes of differences. Linear regression analyses were used to identify associations with clinical characteristics at presentation (heart rate, QTc interval, and systolic blood pressure) and DSM-5 diagnosis (AN was grouped with atypical AN since %mBMI is in the model), sex, age, duration of illness (log-transformed due to skewness), rate of weight loss, %mBMI, hours per week of exercise (continuous), and team exercise participation. Logistic regression analysis was used to identify associations with bradycardia and DSM-5 diagnosis, sex, age, duration of illness, rate of weight loss, %mBMI, hours per week of exercise (continuous), and team exercise participation. p < .05 was considered statistically significant.
| R E SU LTS
Overall, 1,083 of 1,528 subjects (961 females and 122 males) met eligibility criteria and demographic characteristics of the sample are reported in Table 1 (Table 2 ).
Appendix A (Table A1) reviews differences between patients who had documentation of responses to exercise-related questions in the medical record and those who did not have sufficient data in the medical record to be included in analyses. There were no significant differences in in diagnosis, age, duration of illness, rate of weight loss, or %mBMI between the males in the sample and males missing exercise data. There were no significant differences in diagnosis, duration of illness, or %mBMI between the females in the sample and females missing exercise data, although females with exercise data were slightly older (15.65 vs. 15.27 years) and had a lower rate of weight loss (1.5 vs. 1.75 kg/month).
| D ISC USSION
The vast majority of adolescents with AN or BN in this sample engaged in regular exercise prior to presentation. Females reported more team sport participation than males. Hours of exercise per week and team exercise participation were independently associated with bradycardia. Characterizing exercise activity in adolescents with AN or BN and identifying associations with bradycardia are particularly important given that there are no current guidelines on the management of exercise in EDs including AN or BN (Noetel et al., 2017) .
Approximately 90% of patients with AN and BN in this study reported exercise in the month prior to presentation. This is higher than previous estimates of 16.7-85.3% reported in a recent systematic review of the exercise literature (Fietz et al., 2014) . The largest sample size among the 10 articles included in the systematic review was 398 adolescents (Colleen Stiles-Shields, Labuschagne, Goldschmidt, Doyle, (Murray et al., 2016) . Reflecting this, our data revealed that males with AN and BN reported using weights more than their female counterparts.
There Exercise and athleticism have been shown to be associated with bradycardia in previous studies; this is thought to be due to increased vagal tone as well as physiological adaption to the increased stroke volume being generated by a well-conditioned cardiac muscle (CarrickRanson et al., 2012; Guasch & Mont, 2017) . However, most studies have not examined associations between bradycardia and exercise in the context of AN or BN and malnutrition, wherein autonomically mediated changes have occurred and the cardiac muscle has often lost mass (Biadi et al., 2001; Galetta et al., 2003; Nudel, Gootman, Nussbaum, & Shenker, 1984) . Because there are no published guidelines for the medical management of exercise in AN or BN with relation to vital sign abnormalities (Noetel et al., 2017) , it is important to continue research in this field to inform clinical care. Degree of bradycardia has been shown to be directly correlated with severity of malnutrition (Spaulding-Barclay, Stern, & Mehler, 2016) . In the setting of bradycardia, additional exercise may contribute to even lower heart rates, and the medical significance of this in populations with AN or BN is unclear.
We found that shorter QTc intervals were associated with increased exercise in this sample. In general, the QT interval is affected by the heart rate and the relative activity of sympathetic and parasympathetic nerves (Meher et al., 2014) . We used the corrected QT interval (QTc) in our analyses which corrects for heart rate. The effect of exercise on QTc is highly variable as some studies have demonstrated lengthening (Meher et al., 2014) , shortening (Chinushi et al., 2012; Srinath & Ravipati, 2011) , or mixed results (Berger et al., 2011) of the QTc postexercise. Increased sympathetic nerve activity and catecholamine secretion may be associated with QT interval shortening (Chinushi et al., 2012) . Autonomic imbalance with sympathetic or parasympathetic modulation has been observed in adolescents with AN and may explain the association between exercise and QTc in this population (Koschke et al., 2010) . However, only 2.6% of our sample had a prolonged QTc >450 ms, so the association between exercise and QTc in this sample may have limited clinical significance.
Limitations of this cross-sectional study included the retrospective analysis of medical records, which precluded causal inferences.
Data were limited to what information was gathered by clinicians in the medical record, and there was the possibility for selection bias given that we only included subjects who had documentation of responses to exercise-related questions in the medical record; however, there were no clinically significant differences in diagnosis, age, duration of illness, rate of weight loss, or %mBMI between the sample and those missing exercise data (Appendix A, Table A1 ). A slightly higher proportion of adolescent boys had exercise data, and this may further reflect sex differences, as boys with AN or BN may present with more muscularity-oriented concerns than girls and therefore may be more likely to discuss exercise at intake (Murray et al., 2016) . Moreover, exercise data was not drawn from psychometrically validated self-report measures, and all data came from standardized clinician-administered semi-structured interviews.
However, semi-structured clinical interviews are deemed acceptable methods of assessment for eating disorder psychopathology, and in 
